Introduction
The results of cemented revision arthroplasty have been described [5, 10, 11, 12] , but good long term fixation of the socket remains a difficult problem.
Ritter et al. presented an analysis of the factors that were associated with loosening of cemented sockets after primary arthroplasty [13] . We have undertaken statistical analysis of the factors which influence the outcome of revised cemented sockets.
Patients and methods
The 360 consecutive revisions of cemented sockets which were carried out by the senior author (BMW) between 1970 and 1990 were the subject of this study.
The acetabular bone stock at revision was assessed with the help of preoperative radiographs and the findings at operation were recorded using Gustilo and Pasternak's classification [7] : * Type I -Minimal enlargement of the acetabular wall. * Type II -marked enlargement and thinning of the wall without a defect. * Type III -local defects of the anterior, posterior, superior or central quadrants. * Type IV -massive global collapse or a defect involving two or more quadrants.
We further subdivided the last type into: * Type IVa -where the acetabular rim was intact. * Type IV b -where the rim was damaged.
Radiographic analysis was carried by out by VVR on serial anteroposterior radiographs of the pelvis taken after operation. The socket angle was measured against the line joining the pelvic tear drops. The cement thickness was recorded as the maximum thickness of the mantle around the socket. Demarcation in the surrounding zones was classified according to DeLee and Charnley [3] . Radiographic loosening of the socket was present [8] when there was a complete and progressive zone of demarcation clinical result. Vertical migration was measured by the change in the vertical distance of the socket from the tear drop line and horizontal migration by a perpendicular to the tear drop line drawn through the tear drop. All the operations were carried out in a Charnley-Howarth enclosure with body exhaust suits. A transtrochanteric approach was used in every case. Charnley components of the Wroblewski angle-bore socket (DePuy, Leeds, UK) were used. Flanged sockets were used from 1977 and an acetabular pressuriser in most cases since 1984. Bone grafts or reinforcement rings were never used. After operation the patients were mobilised at 2 weeks, and continued partial weightbearing with crutches for 3 months.
Statistical analysis
The data was analysed by PK and VVR using the chi-squared test, t-test and Kendall's Tau B test. It was then subjected to multivariate regression analysis.
Results
Of the 360 revised sockets studied, 70 were classified as radiographic failures [8] : 35 (9.7%) had a continuous zone of demarcation of 4 1 mm thickness, and 35 showed migration at the last follow up. The relevant factors involved were studied statistically.
Sex
There were 182 women and 178 men. Revision failed in 44 (24.2%) of the women and 26 (14.6%) of the men. This difference was statistically significant (P = 0.02), but this specific finding was not confirmed by a multivariate regression analysis.
Age
The average age at revision for the whole series was 62 years (range 23 to 92 years). The mean age of the failures was 55.5 years, and was 63.6 years among the successes (t-test, P = 0.0001). In 70 patients who were under 50 years of age, 23 sockets failed (32.9%). In patients over 50 years, the failure rate was 17.2% (chi-squared analysis, P = 0.0007), indicating that the older the patient the greater was the chance of success.
Body weight
The average was 69 kg (range 40 to 118 kg). The mean weight of those with radiographically loose sockets was 65 kg, compared with 70 kg in those whose sockets did not fail (t-test, P = 0.02). Thus, the heavier patients did better than those who were lighter.
Acetabular bone stock
The number of patients with the 5 grades of acetabular bone stock [7] is shown in Table 1 and the incidence of loosening in each grade is shown in Table 2 . The increasing incidence of failure with worsening bone stock was statistically significant (Kendall's Tau B test, P = 0.0001).
Flanged socket
The unflanged Charnley socket was used at revision in 20 cases, and 5 of these failed (25%). The incidence of failure in flanged sockets was 19.1% (chi-squared analysis, P = 0.0553), so the use of the flanged socket did not improve the results.
Preparation of the acetabular floor
The number of anchor holes that could be drilled to improve fixation at revision is shown in Table 3 . The incidence of failure associated with an acetabular floor where 4 or more holes were drilled was 15%. Where the quality of bone was less good and only 3, or fewer, holes could be drilled, the incidence of failure was 37% (Kendall's Tau B rest, P = 0.0001). Good bone stock allowing 4 or more holes to be drilled helped to improve the results significantly.
Acetabular cement pressuriser
This was used in 184 cases (51.1%) and the incidence of failure was 17.9% compared with 21% when it was not used (chi-squared analysis, P = 0.366). The use of the pressuriser did not improve the results.
Socket angle
The mean socket angle open laterally was 44°( range 25°to 60°) in the whole series. An angle between 40°and 50°was present in 241 hips, and the incidence of failure was 20.3% compared with 17.6% in the remainder (chi-squared analysis, P = 0.7). The angle therefore made no difference to the outcome.
Thickness of the cement mantle
The average thickness of cement around the socket was 21 mm (range 2 mm to 48 mm). The mean thickness in the sockets which failed was 23.4 mm compared with 20.2 mm in the stable sockets (ttest, P = 0.003). When there was marked enlargement and destruction of the walls of the acetabulum, indicated by a greater thickness of the mantle, the radiographic outcome was worse.
Follow up
The average follow up was 6 years (2 to 17 years); the average for the failures was 5.8 years compared with 6.2 years for the successes (t-test, P = 0.03). Multivariate regression analysis confirmed our results since it showed that the factors which made a statistically significant difference to the outcome were age, body weight, acetabular bone stock, preparation of the acetabular floor, and the thickness of the cement mantle. The sex of the patient did not correlate with failure.
Discussion
Ritter et al. presented a multifactorial analysis of failure in the loosening of cemented sockets after primary arthroplasty and concluded that the patient's age and metal backing of the socket were the only factors which correlated with failure [13] .
No previous report has analysed the influence of various factors on failure of the cemented socket following revision.
Our finding that older patients have a lower failure rate than younger patients confirms that of other authors [1, 2, 4] .
We are not certain about an explanation for the better results which were found in heavier patients, but this may reflect a tendency for lighter patients to be more active, and Feller et al. have suggested a causal relationship between activity and loosening [6] . Also, obese women have a lesser incidence of postmenopausal osteoporosis.
The importance of the amount of bone stock present at revision cannot be overemphasised. Our findings indicate the predictive value of this factor for failure, and deteriorating bone stock significantly increases the incidence of radiographic failure (P = 0.0001). An increase in the cement mantle and a decrease in the number of holes drilled also reflect the quality of the acetabular bone stock at revision. The statistically significant correlation further emphasises the value of good bone stock for fixation.
The use of a flanged socket and the cement pressuriser showed a trend towards better results, but this was not statistically significant. The socket angle open laterally appeared to have no influencer on failure.
Our results show that there are no factors under the direct control of the surgeon that help to improve the radiographic results of acetabular revision, apart from operating early when the bone stock is better.
It is therefore important to preserve bone stock by insisting on regular follow up and revising the socket before there is too much radiographic deterioration. Bone grafts should be used whenever possible to strengthen the existing structure.
